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ABSTRACT

The admittance, isoclation, and element radiation patterns
of reduced-height rectangular slot antennas in a plasma-clad
ground plane have been measured and are compared with
theoretical predictions. The plasma sheath simulates the
electromagnetic properties of a high-altitude boundary layer
and is preduced by pulsed electron heam emission from the

ground plane in the presence of a low-pressure gas,
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L INTRODUCTION

The design of antenna systems for operation in the presence of
a recentry sheath:has long been hampered by the lack of a means of
simulating the sheath in the laboratory. For sharp, slender reentry
bodies at low altitudes and low signal frequencies, the plasma sheath
is thin and collision-dominated. Under these conditions, space cloth
can be used for sheath simulation (Ref. 1}. At high altitudes, collision
frequencies are low, and the boundary layer may be thick enough to
produce a significant change in mutual admittance and radiation pattern
distortion. In this regime, the boundary-layer plasma can be simulated
with a pulsed abnormal glbw discharge (Ref. 2). Tbis plasma is pre-
duced over a conducting body by insulated electrodes inserted into the
surface and excited at a 500~Hz rei)etition rate with kilovolt pulses.
Although this techniqae is applicable to a variety of shapes,- initial
work‘hals becen focused on measurements for rectangular slots on a
plasma-clad ground plén.e. Theoretical prediction techniques exist

for admittance, isolation, and radiation patterns for this configuration

{Refs. 2 ~ 5).
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II. EVACUABLE MICROWAVE ANECHCIC CHAMBER

To produce the plasma layer, it is necessary to provide a low.-
pressure cnvironment of 0. 1 to 0.5 Torr of argon. Since the linear
interaction of high-frequency electromagnetic waves with’a. cold plasma
depends only ‘on the électron density distribution and the collision fre-
-quency, it is imaterial whether. the neutral gas is air or argon. The
discharge used requires no confining walls but only a low-pressure gas
environment. In order to realize the full potentiai of —this simulation
technique, we construct;_d a conical evacuable microwave anechoic chamber.
With absorber in place, the tank can be evacuated to <1 mTorr and has
an X-bgnd refiectivity of =50 dB. The charmber and microwave recording

» equipment are swhown"i(n ‘F§g. 1. In Fig. 2, a plasma-clad ground plane
with a pair éf«rectangulafwsl'ots is shown-in the chamber. The ground

plane is extended beyond-the plasma layer to i‘hihjm’iz{g edge scattering.
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Figure 1.

Evacuable Microwave Anechoic Chamber
Associated Microwave Equipment
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Figure 2.
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probes at 10 psec after the termination.of the ionization pulse. The _ . ;
peak electron :density ;vas detérmined by matching the measured and ’
t}ie calculated broadside attenuations for constani aperture wft_)lt;ge ~
[Fig. 3(b)]. Coxh?‘utatic;ns were performed assurning:thut the eiect:i-ot}: . . i i
densii;y profile of Fig., 3(a) was ap:pi-o:‘rixtxac;:d, oy a’large number of
‘homogenecus slabs-using the analyscs of Refs. 4 axd 5. Because of: N ;- vz
thélld‘w collision-frequency, 1000:s!1bs ;vére<n,esé;sary to z‘ppx;_oximat'é A_ E )
s - - ) A

I, ADMITTANCE, ISOLATION, AND PATTERN CALCEULATIONS g 4

The plasma layer produced 6ver the ground plane is uniform asross
the surface but varies in a direction normal to the surface. The ghape :

of the electron density profile at C.4 Torr of argoa.is shown.in Fig. 3(a), iR j

as determined from the ion saturation current measured by Langruir

the plasma layer. ‘ o -
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IV, EXPERIMENTAL RESULTS

The measured radiation patterns are compared with the theoretical
computations in Fig. 4. The measurements were obtained by hoiding
the aperture voltage constant to correspond to the radiation pattern
calculations.

Self-admittance and isolation were measured with the discharge in
an evacuable antenna cap to minimize the effects of the waveguide
separating the slots from the microwave bridge used for the admittance
and isolation measurements. The sglf-admittance is shown on a Smith
chart in Fig. 5 with the slot configiration shown in the inset. The
measurements are plotted as a function of discharga:cu:'rcnt, and the
calculations are plotted as a function of peak electron dcnsity. The
change in E-plane isolation and broadside signul attenuations are dis-

played in Fig. 6 for the conditions of constant incidei power.
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Figure 4. Measured and Calgulated Radiation Patterns
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Figure 6. Increase in Slot Antenna Isclation and Broadside
Signal Attenuation as a Function of 'Ejectron Density
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V.  CONCIL.USIONS

The admittance, isolation, and radiation patterns of reduced-
height rectangular slot antennas in the presence or an inhomogeneous
plasma layer have been measured and compared \a{ith calculations
based on the cquivalent dielectric constant for a cold plasma. Theory
and experiment are in good quantitative agreement since there are

none of the-scattering problems encountered when discharges are con-

fined by glass walls.
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